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N Foreword

o The enclosed final project report is for a contract funded from
“' March 1, 1985 to May 31, 1988. Additional funding for this same research
N program was obtained through the DoD University Research Instrumentation
Program (Grant No. DAAL03-87-G-0088).
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A. atement of the Problem Studied

Metal clusters are small aggregates of metal atoms which can be
produced in molecular beam environments using laser vaporization pulsed
nozzle techniques developed over the last several years. Such clusters
are interesting because they provide model systems in which to study
condensation phenomena, metal-metal bonding, metal-adsorbate bonding,
and novel isomerism/rearrangement phenomena. Additionally, measurements
of properties as a function of size probe the gradual trend from atomic
and molecular behavior to bulk solid behavior. In the current project,
various aspects of cluster electronic structure, metal bonding, and

chemical reactivity have been considered. (}wvfrﬁ4'7 <£i7'“

Clusters for all these experiments are produced in supersonic
molecular beams by pulsed laser vaporization and are studied with various
laser spectroscopy and mass spectroscopy methods. Condensation patterns
are studied with laser photoionization of neutral clusters fcllowed by
time-of-flight mass spectroscopy mass analysis. Laser wavelength and
power dependencies investigation photoionization dynamics. Corresponding
positive and negative ion mass distributions are probed by pulsed
time~of-flight sampling without photoionization. Cluster ion
photodissociation energetics are studied in a reflectron type tandem
time-of-flight spectrometer. Electronic spectroscopy and excited state
dynamics are studied with resonant two-photon ijonization spectroscopy.
A flow reactor attached to the pulsed nozzle cluster source allows
investigation of chemisorption reactions and their size dependence, with
product analysis using mass spectroscopy. Overall, these are significant

new experiments on metal systems with important implications for
theoretical models of catalysis.
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%EEE:E B. Summary of Most Important Results ‘
X
wrr Our most significant results during the contract period have been !
:3:: in the general area of condensation phenomena and eiectronic structure
i"‘:‘ of main group metal clusters. We have studied growth and photoionization
;k' dynamics in isovalent systems of group IV metals (tin, lead, germanium)
_:J_ and of pure group V semimetals (antimony and bismuth). Growth dynamics
'::'E:: for antimony and bismuth have been studied as a function of charge. In 1
::::;‘ all cases, isovalent cluster elements have very similar mass distributions. ‘
::’g:‘. Other studies have investigated mixed clusters of the group IV-V metals
( (Sn/Bi, Pb/Sb, Sn/As) or of group III-V metals (In/Sb, In/Bi). In both
t systems mass spectra are characterized by highly non-statistical
',.‘:.‘ combinations of component elements with common patterns observed for
W all isovalent metal mixtures. Preferential stoichiometries in both alloy
1 systems are predicted by a simple valence electron counting rule recogniz~d
;':.::: in condensed phase inorganic chemistry. Taken together, these studies
":'\ establish the first pattern in electronic structure for main group metal
.S: clusters in the gas phase.
wh i : :
-:.::: Another ongoing area of research is the electronic structure of
::';:: silver clusters. Using the new Nd:YAG laser system, photoionization
;::E; has been studied for these clusters at a wide variety of ionization !
energies. lonization potentials exhibit an even-odd alternation in the 1
::'.*::‘ 5-6 eV energy range. No cluster smaller than 100 atoms has an IP less f
:E: than 5.0 eV. Unusual resonances are observed for many different sized 1
.:;'.:': silver clusters in the 3-4 eV energy range. Mass spectral abundances
exhibit marked deflections at 2, 8, and 20 valence-electron species.
%}‘" This same pattern has been observed for alkali metal clusters and is
, attributed to electronic shell closings in a spherical potential system.
Z
V A third project consists of high resolution UV spectroscopy on the
:§:' silver trimer (Ag3). Resonant two-photon photoionization has been used
‘:::: to obtain a UV excitation spectrum with sharp vibrational structure near
f::_ 366 nm. Vibrational analysis establishes the structure of the system
R
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to be an equilateral triangle undergoing a dynamic Jahn-Teller interaction.
Vibrational frequencies are 146 cm-1 for the symmetric stretch and 93
cm=1 for the bending mode, in good agreement with theory.

A final area of investigation has been tandem mass spectroscopy
on metal clusters. In these experiments, one mass spectrometer mass
selects a desired cluster species from the distribution produced initially.
The tunable laser system is then used for energy adjusted photodissociation
of the selected cluster. The second mass spectrometer analyzes the
products of dissociation. These studies have examined the dynamics and
energetics of dissociation for antimony and bismuth cluster cations and
are currently being extended to bimetallic or mixed metal systems. In
antimony and bismuth studies, preferential fragmentation products are
the same molecules produced preferentially in cluster condensation. This
observation again confirms the importance of the valence electron counting
y rule for predictions of cluster stability and electronic structure.
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